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1. Overview

a. Measure
Title

Outdoor lighting LPD revisions and the introduction of mandatory lighting controls
(beyond the basic photocell control).

b.
Description

The revisions in this measure detail two distinct points of effort. The changing
IESNA design guidelines for some exterior lighting situations provides an opportunity
to reduce the LPD’s associated with these conditions. The second revision involves
the application of motion sensors in exterior lighting situations where the lighting
equipment is mounted below 24°. This includes lighting equipment on poles and
building mounted, including under canopies.

c. Type of
Change

Both of these are mandatory measures.

d. Energy
Benefits

The LPD reduction measure will reduce power density for a select group of outdoor
lighting applications, including those in the highest power density categories; outdoor
retail and vehicle service stations. While this does not reflect a wide-ranging large
scale impact on the total outdoor lighting environment, it is the opportunity to reduce
the highest consumption categories with the support of the new IESNA Handbook.

The reduction in power and energy consumption associated with this specific measure
is reflected in the table below.

Electricity Savings
(kwhyr)

Demand Savings

(w)

TDV Electricity
Savings

Outdoor Retail (per sg. ft.)

1.78

408

$2.56

Outdoor Retail Frontage (per
lin. ft.)

26.3

6

$37.65

Service Station Hardscape (per
sq. ft.)

1.0

.228

$1.43

Service Station Canopy (per
sq. ft.)

3.3

.758

$4.76

(Values based on LZ3, will vary depending on the LZ. Based on 11 operating hours

per night, from 1900 to 0600.)

The savings from this/these measures results in the following statewide first year

savings for LZ3:

Total Electric
Energy Savings
(GWh)

Total TDV
Savings ($)

8,427

$ 12,072,000

e. Non-
Energy
Benefits

The LPD allowance reductions may result in a reduction of the installed cost of the
lighting system, and is likely to at least have no negative cost implications. The
controls measure will increase installed costs, but has a payback that justifies the
measure. The controls measure will reduce light pollution and trespass after the
regular operating hours of the facility.
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f. The introduction of mandatory lighting controls will require additional equipment.
Environment | The equipment does contain elements that may have potential adverse environmental
al Impacts impacts. The table below shows the statewide material content (in pounds) for the
measure.
Others
Component Mercury  Lead Cooper Steel Plastic ,
(Identify)
Occupancy Sensor 1 3 184 123 306 0
Cat 5 Control Wiring 100’ 0 0 20,951 0 0 0
Control System 1 0 10,659 123 306 0
g. The mandatory controls measure requires the application of motion sensors in outdoor
Technology | applications. There are a variety of suitable motion sensors on the market, but many
Measures are limited in detection distance, and have a variety of other limitations. Because of
this, the measure has been limited to certain physical constraints, including the 24’
mounting height, for example.
While there are many products available in the residential-grade market, there are
fewer in the commercial market, but still sufficient options to meet the market
demand. It is anticipated that the mandatory measure will stimulate the controls
industry to accelerate development in the outdoor sensor realm, and encourage more
vendors to enter the market as well.
h. Both portions of this measure have current verification mechanisms written in the
Performance | language that directly apply, or can be modified for the specific circumstances in this
Verification | measure.
of the
Proposed
Measure

i. Cost Effectiveness

The LPD reductions have instant payback; no cost effectiveness calculations are required.

The cost effectiveness of the mandatory controls measure is dependent on the loads controlled. The
following provides information on the cost effectiveness of the measure.

15 Year TDV Benefit to Cost
ive?
Measure Cost/ Sq. Ft. Savings / Sq, Ft. Ratio Cost Effective?
Mandatory Outdoor $0.17 $0.20 118 YES
Occupancy Sensors
J- Analysis These measures are mandatory. N/A
Tools
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K. This measure does not have any known interrelationships with any other measures.
Relationship

to Other
Measures
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2. Methodology

The outdoor lighting analysis focused on Lighting Power Allowances (LPAs) and lighting controls
requirements. There were six separate points of review in this revision cycle:

+ Comparison analysis among the Lighting Zones assignments in Title 24, ASHRAE 90.1-2010
and the joint IES/IDA Model Lighting Ordinance to determine if there is a need for
recalibration in Title 24 documents.

+ Review the Illuminance Basis of Design that was established in the 2008 revision cycle to
determine if any changes have occurred in the design community that would permit a
reduction in the LPS allowances due to a reduction in the industry standard design
recommendation documents.

¢ Compare the current Title 24 allowance values and the most-recently adopted ASHRAE 90.1
values, and reduce Title 24 requirements where possible to ensure that all cost-effective
savings are being captured.

+ Consider the addition of controls (beyond the currently-mandatory photocell and curfew
control capabilities). This will involve the consideration of occupancy sensors and part-night
systems for circumstances where the controls are viable.

State-of-the-market surveys.
Review of PIER and GATEWAY pilot Projects.

2.1 ASHRAE Standard 90.1 Implications

The ASHRAE Standard 90.1 document is an evolving document, similar to California's Title 24, Part
6. Itis currently on a three-year cycle, with the most recent version being ASHRAE 90.1-2010,
which was adopted at the end of 2010. The previous version was 90.1-2007.

The original ASHRAE 90.1-2007 version did not include Lighting Zones, so all exterior lighting
power density allowances had a single value. In 2008 ASHRAE introduced 'Addendum i', in which
Lighting Zones were introduced and along with this change, LPD values were created along with the
Lighting Zones throughout the tables.

2.2 Comparison of Title 24, ASHRAE 90.1-2010 and MLO Lighting Zone Mapping

Since the concept of Lighting Zones is being adopted in a variety of versions in other lighting design
and energy guidance documents, there is concern that the mapping may begin to make direct
comparisons of these documents more difficult.

There are three relevant documents that must be compared in this process.
+ California Title 24-2008 Building Energy Efficiency Standards
+ ASHRAE 90.1-2010
+ Joint IESNA/IDA Model Lighting Ordinance (development documents)
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As aresult, a review of the Lighting Zone mapping was performed to make characterizations about
how the IESNA, ASHRAE, and Title 24 apply the concept, and determine if there are any specific
adjustments necessary to keep the Title 24 mapping consistent with the other two as much as possible.

This was done by collecting the specific Zone mapping language for each document and attempting to
characterize the mapping based on the language and other details of the mapping infrastructure within

each document.

2.3

Review of the Basis of Design for the Title 24 Exterior LPA Values

In the 2005 Title 24 revision cycle, the Lighting Zones concept was introduced. To make this viable
to establish LPA values, the team 'mapped’ the then-current IES lighting design recommendations
from a variety of sources, (mostly IES Recommended Practice documents (RP's), Design Guidelines
(DG's), and the Security Lighting document (G-1)). As a result, a map of general lighting design
targets was established. This map created the various levels of lighting power density that were
calibrated to and correspond with the LPD's. Since this initial mapping, there have been some
modifications to the various source documents that produced the target illumination levels, and
consequently the LPD allowances can be reconsidered and adjusted.

Refer to Figure 1 and Figure 2 for the illuminance criteria mapping used in Title 24-2008, providing
horizontal illuminance (hfc) and vertical illuminance (vfc) recommendations.

T-24 Lighting Application

Recommended Design Criteria per Lighting Zone

Lighting Zone 1

Lighting Zone 2

Lighting Zone 3

Lighting Zone 4

Hardscape for automotive
vehicular use, including

RP-20 NO VERTICAL (0.2

RP-20 Basic (0.2 hfc min,

RP-20 Enhanced (0.5 hfc

RP-20 Enhanced
Security/Retail (1.0 hfc

use, including plazas,
sidewalks, walkways, and
bikeways

Street - Residential (0.2
hfc avg. 10:1 avg:min)

Street - Intermediate (0.5
hfc avg. 4:1 avg:min)

parking Iot_s, driveways, hfc min) 0.1 vfc) min, 0.25 vfc) min, 0.25 vic)
and site roads
Hardscape for pedestrian DG Sidewalk along
P P DG-5 Sidewalk along DG-5 Sidewalk along DG-5 Sidewalk along Street - Commercial

Street - Commercial (1.0
hfc avg. 4:1 avg:min)

Special Conditions (2.0
hfc avg. vertical 5:1
avg:min)

Hardscape for driveways,
side roads, sidewalks,
walkways, and bikeways

RP-8 Walkway/Bikeway
Mixed use - Pedestrian
Low Conflict (0.5 hfc)

RP-8 Walkway/Bikeway
Mixed use - Pedestrian
Medium Conflict (1 hfc)

RP-8 Walkway/Bikeway
Mixed use - Pedestrian
High Conflict (2 hfc)

DG-5 Sidewalk along
Street - Commercial
Special Conditions (2.0
hfc avg. vertical 5:1
avg:min)

Building Entrances
(without canopy)

DG-5 Sidewalk along
Street - Commercial (1.0
hfc avg. 4.1 avg:min)

RP-2 Seasonal Outdoor
Merchandise Circulation
Low (5 hfc)

RP-2 Seasonal Outdoor
Merchandise Circulation
Medium (7 hfc)

RP-2 Seasonal Outdoor
Merchandise Circulation
High (10 hfc)

Outdoor Sales Lot

RP-33 Secondary
Business District General
Display (5 hfc, 10:1
maxmin)

RP-2 Auto Retail Lot Low
Level (20 hfc)

RP-2 Auto Retail Lot
Medium Level (30 hfc)

RP-2 Auto Retail Lot High
Level (50 hfc)

Figure 1: Title 24-2008 Table 147-A Illuminance Design Basis Mapping
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T24 Lighting Application

Recommended Design Criteria per Lighting Zone

(in linear feet)

Feature Display (35 hfc)

Lighting Zone 1 Lighting Zone 2 Lighting Zone 3 Lighting Zone 4
Building Facades NA R:r?j 51?5::332?5 RP-33_Bright Surrounds | RP-33 Bright Surrounds
Surface (3fc) and Light Surface (5fc) | and Dark Surface (10 fc)
Outdoor Sales Frontage NA RP-2 Auto Dealership RP-2 Auto Dealership RP-2 Auto Dealership

Feature Display (50 hfc)

Feature Display (75 hfc)

Vehicle Service Station
with or without canopies

RP-33 Service Station
Pump Island (10 hfc)

RP-2 Service Station Gas
Islands (20 hfc)

RP-2 Service Station Gas
Islands (30 hfc)

RP-2 Service Station Gas
Islands (50 hfc)

Vehicle Service Station

RP-20 Basic (0.2 hfc min,

RP-2 Service Station

RP-2 Service Station

RP-2 Service Station

Non-sales Canopies

Street - Commercial (1.0
hfc avg. 4:1 avg:min)

Merchandise Circulation
Low (5 hfc)

Hardscape 0.1 vfc) Approach (5 hfc) Approach (10 hfc) Approach (15 hfc)
RP-2 Seasonal Outdoor | RP-2 Seasonal Outdoor | RP-2 Seasonal Outdoor
All other Sales Canopies NA Merchandise Display Low| Merchandise Display Merchandise Display
(10 hfc) Medium (20 hfc) High (30 hfc)
DG-5 Sidewalk along RP-2 Seasonal Outdoor | RP-2 Seasonal Outdoor | RP-2 Seasonal Outdoor

Merchandise Circulation
Medium (7 hfc)

Merchandise Circulation
High (10 hfc)

Ornamental Lighting

NA

NA

NA

NA

Drive-Up Windows

G-1 Fast Food Drive Up
Window (6 hfc)

G-1 Fast Food Drive Up
Window (6 hfc)

G-1 Fast Food Drive Up
Window (6 hfc)

G-1 Fast Food Drive Up
Window (6 hfc)

Guarded Facilities

G-1 Fast Food Drive Up
Window (6 hfc)

RP-2 Seasonal Outdoor
Merchandise Display Low
(10 hfc)

RP-2 Seasonal Outdoor
Merchandise Display
Medium (20 hfc)

RP-2 Seasonal Outdoor
Merchandise Display
High (30 hfc)

Outdoor Dining

DG-5 Sidewalk along
Street - Commercial (1.0 fc
avg. 4:1 avg:min)

RP-2 Seasonal Outdoor
Merchandise Circulation
Low (5 hfc)

RP-2 Seasonal Outdoor
Merchandise Circulation
Medium (7 hfc)

RP-2 Seasonal Outdoor
Merchandise Circulation
High (10 hfc)

Figure 2: Title 24-2008 Table 147-B Illuminance Design Basis Mapping

To complete this review, the current IESNA Recommended Practice documents were collected. If the
document had been updated, the guideline values were compared to determine if any changes had

occurred.

Where IESNA design recommendation changes had occurred, the changes were noted so that those
portions of the LPA tables in Title 24 would be reviewed to see whether the changes to the design
documents would result in a corresponding change in the LPA values.

2.4

Comparison of Title 24 and ASHRAE 90.1-2010 LPA Values

Since the ASHRAE 90.1 document has become more aggressive over the past few revisions, there is
the possibility that the ASHRAE document may be more aggressive than Title 24 in some
circumstances. In particular, the exterior portions of ASHRAE 90.1 have many corresponding
allowances that can be directly or approximately compared to items in Tables 147-A and 147-B in

Title 24.
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The ASHRAE 90.1 document has been vetted through a public process, and is being adopted
nationwide by a variety of jurisdictions as the minimum energy code for all new construction projects.
If a specific item in ASHRAE 90.1-2010 is more aggressive, the Title 24 values should be tightened
to match that level of aggressiveness, as California should be at least as aggressive as the minimum
performance energy code national standard.

It was possible to make some direct comparisons between the two documents, but the majority of
values cannot be compared directly due to basic infrastructural differences in the two documents.

As a result, a sequence of comparisons and models were developed to test the allowance levels in the
two documents. These tests include:
¢ Comparison of the General Area Allowance values
Comparison of specific Line Item Allowance values
Development of a Big Box model to test the interactions of each allowance system
Development of a Café model to test the interactions of each allowance system
Development, review, and comparison of an Outdoor Retail model
Development, review, and comparison of a Service Station with Canopy model

* 6 ¢ o o

The General Area Allowances were tested by developing nine different site profiles, varying the size
and shape of both the site and the building contained within. These comparisons then applied the
allowances from each document to determine which General allowance is more aggressive. In
situations where the ASHRAE 90.1 document was more aggressive, the Title 24 allowances were
modified to bring them in line.

The specific Line Item Allowances represent several items in Table 147-B that are applied on a case-
by-case basis depending on the circumstances on the site. Some of these line items include "Building
Facades" and "Entrances". Since these are discreet items, they can be compared without considering
the interactions of other allowances to determine whether they are comparable, and which document
may be more aggressive.

However, these items cannot be directly compared in some cases, so a basic application of each line
item was developed to test them against each other. Again, the line items were compared and
adjustment recommendations developed in circumstances where the ASHRAE 90.1 document was the
more aggressive standard.

The Big Box and Café models were developed to test the entire system; how the various allowance
line items and the General Hardscape Allowance interact within each system, and whether as a
composite, one system or the other appeared to be more aggressive. These further informed the
recommended changes to Tables 147-A and 147-B.

The Outdoor Retail and Service Station with Canopy models were developed because the design basis
for these two categories had changed, and there were specific interaction questions between the
ASHRAE 90.1 document and Title 24, so a detailed review of these specific applications was needed.
Once again, the results of these specific applications were used to make adjustment recommendations
to Table 147-B.
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2.5 Technical Review of Occupancy-Based Lighting Controls for Exterior Conditions

Lighting controls offer a significant opportunity for energy savings in the exterior portions of a
property, primarily because there is relatively little current implementation of controls beyond the
basic photocell and curfew time switch mandated in Title 24-2008. Even with the time switch
present, there is no enforcement mechanism to ensure that it is used, but the capability is present for
the property owner to utilize at their discretion.

The introduction of exterior occupancy controls requires careful consideration due to the limitations
of the controls equipment, limitations of the light source technology that the controls will be affecting,
and a recognition by the design team and owner that such controls, if applied, require an extra level of
both initial commissioning/tuning and maintenance . As a result, a sequence of fact-finding efforts
were taken to ensure that a measure could be recommended within the limitations of the currently-
available technology.

First, a state of the industry review was performed to assess the status and potential future capabilities
for several aspects of this work, including:

+ Sensor capabilities and limitations

+ Lamp/ballast interactions and limitations

+ Dimming limitations in various light source technologies

This market review involved an assessment of currently-available luminaires and sensor technology,
as well as discussions with manufacturers regarding the future of exterior occupancy sensors.

Further, a review of ten pilot projects that have implemented controls technologies in exterior and
parking garage environments was made to understand what unanticipated implementation or other
integration problems have occurred, and whether the stated technology limitations are actually
proving to be accurate or somewhat optimistic.

2.6 PIER and GATEWAY Pilot Project Review

In order to understand the feasibility and potential effectiveness, the current state of the market was
examined with respect to sensors, lamp/ballast combinations and dimming equipment for outdoor
lighting. This effort included a review of pilot programs that demonstrated bi-level street and area
lighting control, including:
+ California Polytechnic State University, SLO, Parking Lot Lighting Retrofit [PIER Buildings
Program];
+ California Polytechnic State University, SLO, Street Lot Lighting Retrofit [PIER Buildings
Program];
+ California Department of Public Health Parking Lot Lighting Retrofit [California Lighting
Technology Center];
+ University of California, Davis, Parking Lot Lighting Retrofit [California Lighting
Technology Center];
+ University of California, San Francisco, Parking Lot Lighting Retrofit [California Lighting
Technology Center];
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+ City of San Marcos Parking Garage Lighting Retrofit [California Lighting Technology
Centerl];

+ Los Angeles Trade Technical College Parking Lot Retrofit [California Lighting Technology
Center];

+ Raley's Supermarket Parking Lot Lighting Retrofit [DOE GATEWAY];

+ TJ Maxx Parking Lot Lighting Retrofit [DOE GATEWAY].

Most of these projects are considered 'interior' because they are located in parking garages. A detailed
review of these projects is included in the CASE report titled "Parking Garage LPA and Controls."”

Based on the results of the pilot programs, in combination with the current and future availability of
appropriate products, a set of final recommendations regarding advanced exterior lighting controls
were established. The recommendations were adjusted to work within the limitations of the sensor,
control equipment and light source technology available and anticipated to be available by the time of
code implementation.

2.7  State of the Industry Reviews

A variety of State of the Industry reviews were developed to understand the intricacies of the various
lighting technologies, and especially how they interact. Further, interviews with manufacturers
provided information on where they see the industry being in the near future. Specifiers provided
insight into the success and failures that are occurring in the application of the various technologies
available.

2.8  Energy Savings Analysis

Using the California Energy Commission’s 2013 cost-effectiveness methodology, we calculated
energy savings using time-dependent valuation (TDV) assuming a 15-year measure life and the
proposed changes in the lighting schedules.

2.9  Cost Analysis

To develop cost estimates, we combined data from equipment manufacturers and distributors with
equipment costs and labor rates provided by RS Means (2010).

2.10 Cost Effectiveness Analysis

We calculated the cost-effectiveness by comparing the calculated TDV savings with the calculated
measure costs. We also estimated the resulting annual statewide savings. The cost-effectiveness
calculation is a direct comparison between:
+ Measure costs per square foot (for equipment and labor).
+ Measure savings per square foot over the 15-year measure life, calculated using the 2013 TDV
method.
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2.11 Statewide Savings Analysis

The total energy and energy cost savings potential for the LPD reduction measure are 1.89 kWh/ft2
and 2.71 $/ft2.

Applying these unit estimates to the statewide estimate of new construction of 4,475,694 million
square feet per year of impacted outdoor area results in first year statewide energy savings of 8,427
MWh, andTDV $ 12,072,000.

The total energy and energy cost savings potential for the mandatory controls measure are .123
kWh/ft2 and 0.2 $/ft2.

Applying these unit estimates to the statewide estimate of new construction per year of impacted
outdoor area results in first year statewide energy savings of 1,621 MWh, and TDV $ 2,533,000.

The statewide estimate of savings is based on new construction square footage forecasts obtained
from the California Energy Commission, together with estimates of the typical hours of use and
lighting power densities, as obtained from our data analysis.

2.12 Stakeholder Meeting Process

All of the main approaches, assumptions and methods of analysis used in this proposal have been
presented for review at one of three public Lighting Stakeholder Meetings. At each meeting, the
utilities’ CASE team invited feedback on the proposed language and analysis thus far, and sent out a
summary of what was discussed at the meeting, along with a summary of outstanding questions and
issues.

A record of the Stakeholder Meeting presentations, summaries and other supporting documents can be
found at www.calcodes.com. Stakeholder meetings were held on the following dates and locations:
+ First Lighting Stakeholder Meeting: March 18th, 2010, Pacific Energy Center, San Francisco,
CA
¢ Second Lighting Stakeholder Meeting: September 29th 2010, Hyatt Regency, Huntington
Beach, CA (at the IESNA Street and Area Lighting Conference)
¢ Third Lighting Stakeholder Meeting: February 24th, 2011, UC Davis Alumni Center, Davis
CA
In addition to the Stakeholder Meetings, a Stakeholder Work Session was held on December 8th,
2010 to allow detailed review of this and other lighting topics.

2.13 Statewide Savings Estimates

The statewide energy savings associated with the proposed measures will be calculated by
multiplying the energy savings per square foot with the statewide estimate of new construction in
2014. Details on the method and data source of the nonresidential construction forecast are in Section
5.
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3. Analysis and Results

With the exception of the controls portions of the efforts, all of the measures affect primarily Tables
147-A and 147-B. The basic infrastructure of Section 147 remains the same otherwise. All of these
individual focus points interact to result in a combined set of recommendations for Tables 147-A and
147-B that are provided at the end of the Analysis section in summary.

3.1  Comparison of Title 24, ASHRAE 90.1-2010 and MLO Lighting Zone Mapping

The lighting zone definitions in Title 24 were compared to those in ASHRAE 90.1-2010 and in the
IES/IDA Model Lighting Ordinance (MLO) documents. Refer to Appendix B: Title 24 2008 Lighting
Design Basis Mapping and Changes to Update to 2011 for more information.

The Title 24-2008 Lighting Zone Mapping descriptions are provided below:

“LZI: Dark

Government designated parks, recreation areas, and wildlife preserves. Those that are wholly
contained within a higher lighting zone may be considered by the local government as part of
that lighting zone.

LZ2: Low
Rural areas, as defined by the 2000 US Census..

LZ3: Medium
Urban areas, as defined by the 2000 US Census..

LZ4: High
High intensity nighttime use, such as entertainment or commercial districts or areas with
special security considerations requiring very high light levels.”

The joint IES/IDA Model Lighting Ordinance Lighting Zone descriptions are provided below:

“LZ0: No ambient lighting

Areas where the natural environment will be seriously and adversely affected by lighting.
Impacts include disturbing the biological cycles of flora and fauna and/or detracting from
human enjoyment and appreciation of the natural environment. Human activity is subordinate
in importance to nature. The vision of human residents and users is adapted to the total
darkness, and they expect to see little or no lighting. When not needed, lighting should be
extinguished.

LZ1: Low ambient lighting

Areas where lighting might adversely affect flora and fauna or disturb the character of the
area. The vision of human residents and users is adapted to low light levels. Lighting may be
used for safety and convenience but it is not necessarily uniform or continuous. After curfew,
most lighting should be extinguished or reduced as activity levels decline.
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LZ2: Moderate ambient lighting

Areas of human activity where the vision of human residents and users is adapted to moderate
light levels. Lighting may typically be used for safety and convenience but it is not necessarily
uniform or continuous. After curfew, lighting may be extinguished or reduced as activity levels
decline.

LZ3: Moderately high ambient lighting

Areas of human activity where the vision of human residents and users is adapted to
moderately high light levels. Lighting is generally desired for safety, security and/or
convenience and it is often uniform and/or continuous. After curfew, lighting may be
extinguished or reduced in most areas as activity levels decline.

LZ4: High ambient lighting

Areas of human activity where the vision of human residents and users is adapted to high light
levels. Lighting is generally considered necessary for safety, security and/or convenience and
it is mostly uniform and/or continuous. After curfew, lighting may be extinguished or reduced
in some areas as activity levels decline.”

The ASHRAE 90.1-2010 Lighting Zone descriptions are as follows:

“LZ0
Undeveloped areas within national parks, state parks, forest land, rural areas, and other
undeveloped areas as defined by the authority having jurisdiction.

LZ1
Developed areas of national parks, state parks, forest land, rural areas.

Lz2
Areas predominately consisting of residential zoning, neighborhood business districts, light
industrial with limited nighttime use and residential mixed use areas.

LZ3
All other areas.

LZ4
High activity commercial districts in major metropolitan areas as designated by the local
Jjurisdiction.”

As implemented, Title 24 LZ2 and LZ3 are the two most common categories in the Title 24 code. All
areas are by default, designated either LZ2 or LZ3 based on census tract housing density, and an
application to the CEC is required to move an area to a different zone (State and Federal Parks being
the exception). LZ2 is used mostly for rural and small cities, and LZ3 is used in larger city centers.
LZ1 is primarily designated for state and national parks and national forest land. LZ4 is implemented
by special application only, and at this point has not been applied in any area in the state of California.
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The default Lighting Zone intended for the MLO document is LZ2. This permits larger cities to move
up to LZ3 for city centers, and the largest cities to implement a central city LZ4 zone under special
circumstances. LZ1 is designated for developed portions of national and state parks and communities
who desire an environment with greater concern for human impact on the night sky or ecosystem.
LZO0 is designated for the undeveloped and natural portions of parks and forests.

ASHRAE 90.1-2010 has LZ3 as the default zone. It downgrades to LZ2 for primarily residential
areas, and upgrades to LZ4 for major metropolitan areas. LZ0 is intended for undeveloped areas, and
LZ1 for developed areas in national and state parks and forests.

It's clear that the mapping may not be identical in all cases. While the apparent default zone is
different among the documents, this does not mean that implementation will result in largely different
zoning for the same environmental conditions. This will need to be reevaluated once the ASHRAE
and MLO documents are implemented to see if the descriptions create different mapping conditions.
At this point, different mapping is possible, but not assured.

Two aspects of this mapping are clear. While LZ4 is available and can be applied through all three
documents, there is specific language to discourage its application. However, the ASHRAE 90.1-
2010 document seems to be the most permissive of its application. Title 24-2008 requires an
application to the CEC, and the MLO has specific language to discourage LZ4 use. 90.1-2010
requires the local jurisdiction to establish the zone, but without specific guidance it is not clear
whether the jurisdiction can make an appropriate decision on this issue. Whether this ultimately
becomes a distinction in mapping implementation is not clear at this point.

Second, LZ0 is not included in Title 24-2008, whereas ASHRAE 90.1-2010 and the MLO documents
do include this zone. It is clear that LZ1 in Title 24 essentially matches LZ1 in the other two
documents, so LZ0 is essentially wholly included in Title 24's designation of LZ1.

Figure 3 provides an approximate lineup of the Lighting Zones between the two energy codes.

Model Lighting Ordinance & ASHRAE 90.1-2010 Title 24-2008
Ambient Hlumination Zone Zone Ambient llumination
None LZ0
LZ1 Dark
Low LZ1
Mod LZz2 LZ2 Low
Mod-high LZ3 LZ3 Medium
High LZ4 LZ4 High

Figure 3: Comparison of MLO and ASHRAE Lighting Zones to Title 24 Lighting Zones
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The results of the comparison of the lighting zone definition demonstrated that ASHRAE 90.1-2010
takes a philosophically-different approach to lighting zones compared to Title 24. The zone
definitions in Title 24 are based on the 2000 census results, and effectively place the majority of the
state in LZ2 or LZ3. ASHRAE 90.1-2010 provides more broad definitions of zones that appear to be
intended to be adopted on a finer scale than Title 24, likely resulting variations of lighting zone within
one neighborhood or district. However, since Title 24 is generally more aggressive than 90.1
mapping, there is no need to make adjustments to the Lighting Zone infrastructure or current mapping
for this reason.

While the addition of LZ0 to Title 24 would be advantageous, the impact on the State mapping is
minimal, as the current LZ1 includes all the regions that would be considered for a new LZ0, and
these regions are not subject to development in a manner where the distinctions between the two
levels would be tested. However, the message that the addition of LZ0 sends to the lighting design
and environmental communities is significant, and therefore, while the change is largely in definitions
and labels, consideration of this addition is recommended.

3.2 Review of the Basis of Design for the Title 24 Exterior LPA Values

The illuminance basis-of-design from the 2008 code revision cycle was analyzed to determine if the
limiting criteria had been adjusted. Many of the design guidelines have not changed, so few changes
were considered for that reason alone. Figure 4 details the changes that did occur.
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Lighting N R A A
Application Reference Lighting Zone 1 Lighting Zone 2 Lighting Zone 3 Lighting Zone 4
RP-2-01 RP-2-01 RP-2-01
. . Feature Display- | Feature Display- | Feature Display-
Title 24-2008 Basis NA Low Activity Medium Activity High Activity
(35 hfc) (50 hfc) (75 hfc)
Front Row- Front Row- Front Row-
New IES Handbook High Activity / High Activity / High Activity /
Sales Frontage Tenth Edition NA Mediumage group | Mediumage group | Mediumage group
(15 hfc, 15 vfc) (20 hfc, 20 vfc) (30 hfc, 30 vfc)
Decreased by Decreased by Decreased by
20 hfc (57%) 30 hfc (60%) 45 hfc (64%)
Change N/A Added vfc Added vfc Added vfc
Recommendation | Recommendation | Recommendation
RP-33-99 .
_ | secondary  |Re-2.01 Auto Retail| o Q:;C:URnfta" RP-2-01 Auto Retail|
Title 24-2008 Basis | Business District | Lot- Low Activity Activity Lot- High Activity
General Display
(5 hfc) (20 hfc) (30 hfc) (50 hfc)
Sales Area Sales Area- Sales Area- Sales Area- Sales Area-
New IES Handbook| High Activity / High Activity / High Activity / High Activity /
Tenth Edition Mediumage group | Mediumage group | Mediumage group | Mediumage group
(5hfc) (7.5 hfc) (10 hfc) (15 hfc)
Decreased by Decreased by Decreased by
Change No Change 125 hfc (63%) | 20 hfc (67%) | 35 hfc (70%)
. . zfas‘z:::/r:; RP-2 Service RP-2 Service RP-2 Service
Title 24-2008 Basis lsland Station Gas Islands | Station Gas Islands | Station Gas Islands
Vehicle Service (10 hfc) (20 hfc) (30 hfc) (50 hfc)
Station with or Fuel Islands- Fuel Islands- Fuel Islands- Fuel Islands-
without canopies New IES Har_lt_ibook High Activity / High Activity / High Activity / High Activity /
Tenth Edition Mediumage group | Mediumage group | Mediumage group | Mediumage group
(7.5 hfc) (10 hfc) (15 hfc) (20 hfc)
Change Decreased by Decreased by Decreased by Decreased by
2.5 hfc (25%) 10 hfc (50%) 15 hfc (50%) 30 hfc (60%)
_ _ RP-20 Basic RP-2 Service RP-2 Service RP-2 Service
Title 24-2008 Basis Station Approach | Station Approach | Station Approach
(0.2 hfc min) (5hfc) (10 hfc) (15 hfc)
Vehicle Service Approach Lanes- | Approach Lanes- | Approach Lanes- | Approach Lanes-
Station Hardscape New IES Har_u_ibook High Activity / High Activity / High Activity / High Activity /
Tenth Edition Mediumage group | Mediumage group | Mediumage group | Mediumage group
(0.8 hfc avg) (1.0 hfc) (1.5 hfc) (2 hfc)
Change Approximately No Decreased by Decreased by Decreased by
Change 4 hfc (80%) 8.5 hfc (85%) 13 hfc (87%)

Figure 4: Title 24-2008 to 2013 Design Basis Changes

As of February 2011, some updated IESNA illuminance criteria are currently under committee review
and have not been adopted yet, though "preview" values were provided to assist with this analysis. It
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was determined that since the updated illuminance criteria has not yet made it through committee, the
criteria used for the 2008 basis-of-design should continue to be used until the next revision cycle.

For outdoor sales and frontage areas, the illuminance criteria were shifted from RP-2-01 to a new
'‘Design Guide' document, DG-3-11. Upon review of the sales frontage criteria, it was found that the
horizontal illuminance recommendations are typically reduced from the previous basis-of-design
values, but now include a vertical illuminance requirement. Additionally, the new IES Lighting
handbook Edition 10 was released this spring, which introduces another set of design criteria for these
categories. The Tenth Edition of the Handbook also introduces new design recommendations for
Service Station areas, including the pump areas, and service station hardscape.

The Handbook values were selected for the next T24 revision because the represent a comprehensive
set of design criteria with substantial energy savings potential compared to the previously adopted
criteria, and ultimately represent the most environmentally responsible approach for outdoor retail
lighting design.

Modeling of reasonable typical conditions was performed to establish what the new LPA allowances
may be, along with a comparison of the Title 24 allowances to analogous 90.1 allowances.

As a result of these design criteria changes, Figure 5 details the specific recommendations for changes
in the outdoor LPA tables.
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A:Lgll:::t;;gn Reference Lighting Zone 1 | Lighting Zone2 | Lighting Zone3 | Lighting Zone 4
Title 24-2008 N/A 225 W/lin. ft. 36 W/lin. ft. 45 W/lin. ft.
Sales Frontage Pmpos;g 1;'“8 24 N/A 17.5W/lin. ft. 30 W/in. ft. 35 W/lin. ft.
Change N/A Decrease by 22% | Decrease by 17% | Decrease by 22%
Title 24-2008 0.164 W/ft? 0.555 W/ft? 0.758 W/ft? 1.285 W/ft?
Proposed Title 24-
Sales Area P 2013 0.164 W/ft? 0.25 W/ft? 0.35 W/ft? 0.45 W/ft?
Change No Change Decrease by 55% | Decrease by 54% | Decrease by 65%
Title 24-2008 0.514 W/ft? 1.005 W/ft? 1.358 W/ft? 2.285 W/ft?
Vehicle Service | Proposed Title 24- 2 2 2 2
Station Canopy 2013 0.4 W/t 0.5W/ft 0.6 W/ft 0.7 W/t
Change Decrease by 22% | Decrease by 50% | Decrease by 56% | Decrease by 69%
Title 24-2008 0.014 W/ft? 0.155 W/ft? 0.308 W/ft? 0.485 W/ft®
Vehicle Service | Proposed Title 24- 2 2 2 2
Station Hardscape 2013 0.014 W/t 0.06 W/t 0.08 W/t 0.1 W/t
Change No Change Decrease by 61% | Decrease by 74% | Decrease by 79%

Figure 5: Title 24-2008 to 2013 Table 147B Proposed Changes

3.3  Comparison of Title 24 and ASHRAE 90.1-2010 LPA Values

Specific line-item LPA's were reviewed to bring them in-line with ASHRAE 90.1-2010 in situations
where the 90.1 document is more stringent. Most of the values within the comparison table indicate
that the Title 24 documents are more stringent or approximately equal in stringency to the 90.1
document.

The structure of the ASHRAE 90.1-2010 allowances is such that with the exception of a few specific
applications, all power allowances are tradable across the site. This makes direct comparison to Title
24 a challenge since Title 24 takes a more aggressive stance of providing allowances for specific task
areas or applications that cannot be traded to other locations on the site.

Items that could be directly compared to ASHRAE 90.1-2010 were reviewed, including:
+ "Primary Entrances to Senior Care Facilities, Police Stations, Hospitals, Fire Stations and
Emergency Vehicles™
¢ "Drive-up Windows"
¢ "Hardscape Ornamental Lighting”
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"Sales Canopies"

"Non-Sales Canopies"

"Guard Stations"

"Outdoor Dining"

"Special Security Lighting for Retail Parking and Pedestrian Hardscape"

* 6 6 & o

During this process, we identified that ASHRAE 90.1-2010 does not have an equivalent allowance for
two specific applications included in Title 24: "Vehicle Service Station Uncovered Fuel Dispensers,"
and "Student Pick-Up/Drop-Off Zones." See Figure 6 for a line-by-line breakdown analysis of which
code is more aggressive.
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Who's Lower?
. ASHRAE 90.1-2010 Lighting Lighting Lighting Lighting
Title 24-2008 Allowance Type Allowance Type Zone 1 Zone 2 Zone 3 Zone 4
Area Wattage Allowance
(A_WA) Uncovered Parking 90.1 Nearly Equal 90.1 90.1
General Hardscape Linear Wattage Allowance
Allowance (LWA)
Initial Wattage Allowance Base Sit T24 Nearly Equal | Nearly Equal T24
se Sle ear u 5} u
(IWA) y Eq y Eq
. . Main Entries T24 90.1 Nearly Equal 90.1
Building Entrances or Exits Other Doors 24 0.1 901 0.1
Primary Entrances to Senior
Care Facilities, Police Loadi forl
Wattage Allowance per Stations, HOSpitalS, Fire er??or?egmzrrsﬁs oriaw T24 T24 Equal Nearly EqUﬁl
Application Stations, and Emergency
Vehicle Facilities
Drive Up Windows Drive-up windows/doors T24 T24 T24 Equal

Vehicle Service Station
Uncovered Fuel Dispenser

No equivalent

No Equivalent Allowance

Wattage Allowance per Unit
Length (W/If). May be used
for one or two frontage
side(s) per site.

Outdoor Sales Frontage

Sales street frontage

See Detailed Outdoor Sales Analysis

Hardscape Ornamental
Wattage Allowance per | Flarascap Landscape T24 T24 T24 90.1
Hardscape Area Lighting
Equal 90.1 90.1 90.1
Building Facades Facades Equal T24 Nearly Equal Equal
Equal 90.1 90.1 90.1
Qutdoor Sales Lots Outdoor sales open areas See Detailed Outdoor Sales Analysis
Vehicle Service Station i . i . .
Uncovered Parking See Detailed Service Station Analysis
Hardscape
Vehicle Service Station
. Sales Canopies See Detailed Service Station Analysis
Wattage Allowance per  |Canopies
Specific Area (W/s;) dU;e a | Sales Canopies Sales Canopies T24 Nearly Equal | Nearly Equal | Nearly Equal
appropriate provide ¢ a.t. Non-sales Canopies Entry Canopies T24 T24 T24 T24
none of the following specific
applications shall be used for i !Entranc.es and gate-house
the same area. Guard Stations inspection stations at T24 T24 90.1 90.1
guarded facilities
Student Pick-up/Drop-off . .
Zone prop No equivalent No Equivalent Allowance
Outdoor Dining Feature Areas T24 Nearly Equal 90.1 90.1
Special Security Lighting for Parki oah il
Retail Parking and Pedestrian aring near 24 hour retal T24 T24 T24 T24
entrances
Hardscape

Figure 6: Comparison of Title 24 to ASHRAE 90.1-2010

The results of these individual line item analyses are discussed further in the conclusions and specific
recommendations below in Sections 3.3.1 and 3.3.2.

3.3.1 General Hardscape Comparison of Title 24 and ASHRAE 90.1-2010 LPA Values

For the general hardscape allowances, a direct line item comparison was not possible as the two codes
have significantly different structures. Both 90.1-2010 and Title 24-2008 provide an "Initial Wattage
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Allowance" (IWA) (referred to as Base Site allowance in 90.1). ASHRAE 90.1-2010 provides only a
tradable, non-layered uncovered parking allowance, while Title 24 provides a "Linear Wattage
Allowance" (LWA) and an "Area Wattage Allowance” (AWA) for hardscape areas.

The IWA values were compared directly to the Base Site Allowances in 90.1. In order to assess the
additional Title 24 area lighting allowances, a series of model site geometries were created to evaluate
the effective overall LPA based on the combined LWA and AWA. These are prototypical site plans,
and do not represent actual sites. The resultant effective LPDs were then compared to the ASHRAE
90.1-2010 uncovered parking allowances to establish equivalency.

The series of model sites considered in this review are shown in the drawing and site descriptions
below, in Figure 7. Please see Appendix D: Outdoor Sales Allowance Detailed Analysis for complete
information on the calibration process.

7
7
72

) "7

Figure 7: Model Site Geometries Considered for General Hardscape Allowance Analysis

Area A- Long rectangular building on large, skinny property.

Area B - Large building with irregular shape, square lot.

Area C - Smaller odd shapes, multiple buildings.

Area D- Small rectangular building on small, skinny lot.

Area E - Small rectangular building on square lot.

Area F - Long building on irregular lot.

Area G- Long skinny building on long, skinny lot. Same lot dimensions as Area D.
Area H- Larger rectangular building on square lot. Same lot dimensions as Area E.
Areas J- Larger irregular building on irregular lot. Same lot dimensions as Area F.

® 6 6 6 6 0 0 0 o
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These specific configurations were chosen to capture a range of possible perimeter-to-area ratios, as
well as absolute site sizes.

The comparisons and subsequent adjustments calibrate the overall aggressiveness of the General
Hardscape allowances of Title 24 so that collectively, Title 24 and ASHRAE 90.1-2010 have similar
levels of performance, even though they have somewhat different methods of implementation. Figure
8 and Figure 9 provide a sample of the overall General Hardscape Allowance comparison for LZ3,
and the comparison once the adjustments are made.

LZ3
Title 24 ASHRAE90.1
TOTAL LPD TOTAL LPD
W W/sf W W/sf % of ASHRAE

A- Long Skinny, Big Building 53,170 0.106 50,913 0.101 104%
B-Square, Odd Building 48,889 0.104 47,923 0.102 102%
C- Odd, Campus Buildings 7,518 0.176 5,033 0.118 149%
D- Long Skinny, Small Square Building 4,275 0.150 3,600 0.126 119%
E- Square, Small Building 3,401 0.162 2,850 0.136 119%
F- Odd, Long Square Building 8,240 0.133 6,930 0.112 119%
G- Long Skinny, Odd Building 4,071 0.187 2,930 0.134 139%
H- Square, Large Square Building 2,744 0.249 1,854 0.168 148%
J- Odd, Large Odd Building 6,351 0.183 4,224 0.122 150%

Figure 8: LZ3 Total General Hardscape Allowance Values for Title 24-2008 Compared to
ASHRAE 90.1-2010

LZ3
Title 24 ASHRAE90.1
TOTAL LPD TOTAL LPD
W W/sf W W/sf % of ASHRAE

A- Long Skinny, Big Building 49,993 0.100 50,913 0.101 98%
B-Square, Odd Building 46,304 0.098 47,923 0.102 97%
C- Odd, Campus Buildings 6,456 0.151 5,033 0.118 128%
D- Long Skinny, Small Square Building 3911 0.137 3,600 0.126 109%
E- Square, Small Building 3,116 0.148 2,850 0.136 109%
F- Odd, Long Square Building 7,496 0.121 6,930 0.112 108%
G- Long Skinny, Odd Building 3,577 0.164 2,930 0.134 122%
H- Square, Large Square Building 2,389 0.216 1,854 0.168 129%
J- Odd, Large Odd Building 5,452 0.157 4,224 0.122 129%

Figure 9: LZ3 Total General Hardscape Allowance Values for Title 24-2013 Compared to
ASHRAE 90.1-2010 Showing Impact of Modified AWA and LWA Values
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LZ3 is a zone where the ASHRAE allowances were more aggressive than Title 24-2008. This
calibration shows that the overall allowances have shifted downward somewhat, but most importantly,
the proposed Title 24 allowances are considerably more aggressive in the irregular site conditions
compared to the 2008 allowances.

It is important that some accommodation for irregular site conditions be included in the basic
infrastructure of the General Hardscape allowances, because these site conditions prove to be less
‘efficient’; requiring more energy to meet the general design guidelines for parking lot design. The
Title 24 General Hardscape Allowance infrastructure is designed to accommodate this, whereas the
ASHRAE document is not.

As a result of the calibration, there are recommended changes to some of the General Hardscape
allowance values. All of the Initial Wattage Allowance (IWA) values will remain unchanged. In
Lighting Zones LZ1 and LZ3, the Area Wattage Allowance (AWA) will be reduced slightly, to 0.035
and 0.090 respectively.

The most significant proposed change is the reduction to the Linear Wattage Allowance (LWA),
which was designed to provide useful additional watts above the baseline allowance when site
geometry deviates from 'ideal’ conditions (a small square building on a large square lot).

The changes reduce the LWA impact on the property allowance by approximately 30% in LZ1, LZ3,
and LZ4. This has only a slight impact on the properties that are close to 'ideal’, and a larger impact
on the sites that are more complex. Figure 10 provides the complete recommended changes to the
AWA and LWA.

Zone AWA Reduction, | LWA Reduction, | Reduced AWA, | Reduced LWA,
[Wisf] [Wisf] [Wisf] [W/If]

LZ1 0.001 0.11 0.035 0.25

LZ2 0.000 0.00 0.045 0.45

LZ3 0.002 0.32 0.090 0.60

Lz4 0.000 0.30 0.115 0.85

Figure 10: Proposed Changes to AWA and LWA

3.3.2 Individual Line Item Comparison of Title 24 and ASHRAE 90.1-2010 LPA Values

Specific line-item LPA's were reviewed to bring them in-line with ASHRAE 90.1-2010 in situations
where the ASHRAE document is more stringent. Most of the values within the comparison table
indicate that the Title 24 documents are more stringent or approximately equal in stringency to the
ASHRAE document.

For line-item allowances such as "Building Entrances"” and "Building Facades", ASHRAE 90.1-2010
uses a different method for determining the allowances. For "Building Entrances,” Title 24 provides a
per-door non-tradable allowance, while 90.1 provides a per-foot, tradable allowance based on the
width of the door and distinguishes between "Main Entries" and "Other Doors.” To compare these, a
typical entrance door width of 3feet was used, and the resulting effective 90.1 allowance per door was
compared to the Title 24 values.
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For "Building Facades,"” Title 24 provides wattage allowances based on the area of the illuminated
facade. ASHRAE 90.1-2010 provides wattage allowances based either on the area of the illuminated
facade or the perimeter length of the illuminated facade. For the analysis, the area-based allowances
were directly compared and the linear-based allowances were compared assuming two different
facade heights. Figure 11 provides the specific recommendations. Refer to Appendix C: Title 24
Power Density Allowance Comparisons to ASHRAE 90.1-2010 for further information on the

comparisons and recommended adjustments.

Allowance | Recommended N N I N
Type: Change? Lighting Zone 1 Lighting Zone 2 Lighting Zone 3 Lighting Zone 4
Building
Entrances or f;ef_;(;eg ';F:;Z N/A 60w 90w 90w
Exits ' (reduced from75) | (reduced from100) | (reduced from 100)
O[;‘itndizor R?nd E;stl‘gﬁs N/A N/A 0.240 W/sf 0.400 W/sf
g (reduced from 0.258) | (reduced from 0.435)

Figure 11: Recommended Line Item Revisions to Exterior LPAs

3.3.3 Comparison of Title 24 and ASHRAE 90.1 LPA Values for Outdoor Sales Lots

The CASE Team performed detailed studies for Outdoor Sales and Service Station applications. The
analysis compared light level requirements between Title 24 and ASHRAE 90.1 and also considered

the recommended IESNA values, which have changed recently.

The Outdoor Sales section was evaluated primarily due to the changes in illuminance recommended
in the new DG-3 document mentioned earlier. Later, the Tenth Handbook was introduced with
different values with supersede these calculations as the Handbook values have been established as
the new basis for design.

Provided below is a diagram for a small outdoor sales lot. Larger facilities were evaluated as well, to
ensure that the comparisons are valid through a range of possible design parameters. See Appendix
D: Outdoor Sales Allowance Detailed Analysis for more information on the validation procedures.

These allowances were also analyzed based on the contribution of illumination provided for one
specific area onto another; for example, the spill light that goes into the parking lot past the first row
of cars contributes to achieving IESNA criteria in the parking lot and vice-versa, effectively ensuring
that the specific applications are considered in concert. For this analysis, three different site
configurations were established, a small corner lot with two frontages and a small sales area, a larger
corner lot with two frontages and a larger sales area, and a large mid-block lot with one frontage and a
large sales area. The analysis was based on typical equipment and lamp/ballast options and was
conservative when developing light loss factors. The LPDs required to meet the illuminance criteria
for each of the three sites in each of the lighting zones were then determined.

Figure 12 is a representative layout for a typical corner lot designed for outdoor sales, and was used as
one of the sites for calculation purposes.
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B /
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Figure 12: Geometry of Small Corner Lot for Outdoor Sales

Figure 13 provides information on the changes to the illuminance recommendations that are relevant
for outdoor sales lots.

RP-2-01 Values

New RP-2 Values

Fe_:ature Merch. | Circ. . Front ROYV Sales Area (hfc) Customer Parking (hfc) Preparation/Storage

Display (hic) | (hfc) (Horizonta/Vertical) (fc) Avrea (hfc)

(hfc) Lzl | Lz2 | Lz3 | 1Lz4 | LZz1 | 1Lz2 |23 | Lz4| Lz | Lz2 (L3 | L.Z4| L1 | L.Z2 | LZ3 | L.Z4
High 75 50 10 | 20/10 | 40/20| 50/30 | 60/40] 15 | 30 | 40 | 50 ] 1 2 3 5 1 2 3 5
Medium 50 30 7 | 15/7.5] 30/15| 40/20 [ 50/30| 10 [ 20 | 30 | 40 1 2 125] 5 1 2 125] 5
Low 35 20 3 | 10/0.5| 20/10| 30/15| 40/20] 75| 15 [ 20 (| 30J o5 | 1 (15| 3 Jo5 | 1 |15 3

Figure 13: IESNA Changes to Illuminance Recommendations for Outdoor Sales Lots

The values reflect a reduction in the horizontal illuminance guidelines, but the introduction of a
vertical component that was previously not included in the guidelines introduces complexity to the
analysis. This introduction may ultimately increase the overall amount of light compared to the
previous recommendations, because adding a vertical performance metric begins to define the
geometry of the propagating light. A traditional lighting design approach for a sales lot is not capable
of delivering the recommended vertical light levels.
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The information provided in Figure 14 allows us to judge the impact of the addition of the vertical
light level requirements. NOTE: the location of the vertical illuminance grid may be somewhat open
to interpretation at this time, as the final language of the revised RP-2 document is still pending.

Corner Small Lot
(Full Calculations- Includes Inter-reflections)

Dropped Acrylic Lens Canopy Fixture
LZ1 LZ2 LZ3 LZ4
Sales Frontage: Recommended (hfc/vfc) 75 30/15 40/20 50/30
Sales Frontage: Achieved (hfc/vfc) 8.06 31.2/17.8 | 41.1/24.6 | 53.0/36.1
Sales Area: Recommended (hfc) 7.5 20 30 40
. Sales Area: Achieved (hfc) 8.03 24.9 36.8 44.9
Light Levels (Average - — A
llluminance) Note: Sales Area & Sales Frontage (hfc) Calculation Notes: All pole luminaires mounted at 20'-0
Plane Located at 0'-0" AFG. AFG.
Note: Sales Frontage (vfc) Calculation Points Located at  |All floodlight luminaires mounted at 8'-0" AFG.
Front Edge of Front Sales Row, facing toward Property
Line at 3'-0" AFG.
General Sales Area Pole-mounted Luminaire Quantity 16 10 10 10
Total Input Watts per Luminaire (W) 465 820 1,080 1,080
Sales Frontage Pole-mounted Luminaire Quantity 12 17 14 17
Luminaires Total Input Watts per Luminaire (W) 465 820 1,080 1,080
Sales Frontage Floodlight Luminaire Quantity 0 34 28 34
Total Input Watts per Luminaire (W) 0 62 94 118
Total Watts 13,020 24,248 28,552 33,172
Total Hardscape Area (sf) 23,261
Total Hardscape Perimeter Length (If) 498
Geometry Sales Frontage (If) 286)
Outdoor Sales Lot (sf) 13,156
LWA (W/If) 0.45 0.45 0.92 1.15
LWA (W) 224 224 458 573
AWA (W/sf) 0.045 0.045 0.092 0.115
Base Hardscape Allowance AWA (W) 1047 1047 2140 2675
Total Base Allowance (W) 1,271 1,271 2,598 3,248
Effective Base Area Wattage Allowance (W/sf) 0.055 0.055 0.112 0.140
Proposed Lighting Power Density (W/sf) 0.560 1.042 1.227 1.426
LPD Over Base Hardscape Allowance (W/sf) 0.516 0.988 1.116 1.286
% W at Frontage 42.9% 57.5% 53.0% 67.4%
Proposed LPD & Determination % W over Sales Area 57.1% 42.5% 47.0% 32.6%
of LPAs Effective Needed LPA at Frontage (W/If) 18 46 48 71
Effective Needed LPA over Sales Area (W/sf) 0.521 0.742 0.928 0.741]
If restrict Frontage LPA (W/If) 0 225 36 45
Effective Needed LPA over Sales Area 0.912 1.258 1.191 1.298

Figure 14: Impact of Vertical Light Level Requirements for Outdoor Sales

To achieve the new vertical illuminance guidelines (and still meet the horizontal guidelines), an
increase in power allowance in the Sales Frontage category is required. Rather than make an increase
in the allowance, the CASE team recommends that the Title 24 allowances for Outdoor Sales
Frontage and Outdoor Sales Area remain the same. The recommendations in RP-2 are not dependent
on factors of public safety and security and further do not sufficiently take into consideration the
inherent contrast problems that light levels of these magnitudes can create on a public right of way.

As all of the lighting design decisions made in a project require some balancing, this particular issue
should be considered one where the lighting designer may choose to meet the vertical illuminance
guidelines in the frontage area, but it may require a slight reduction in the overall horizontal light
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levels to meet that vertical number. Title 24 should not relax the current limits to enable this
decision-making to occur without a compromise in the sales area horizontal light levels.

3.3.4 Comparison of Title 24 and ASHRAE 90.1 LPA Values for Service Stations

The Service Station section was evaluated because the ASHRAE requirement was apparently more
aggressive, and there were concerns that the allowances provided in the ASHRAE document may not
be sufficient to meet the light levels established as the basis of design. Later, the Tenth Handbook
was introduced with different values with supersede these calculations as the Handbook values have
been established as the new basis for design.

This analysis was based on two site sizes, a large and small site, both analyzed with and without
canopies. The large site was analyzed with a small canopy that occupied a small area of the
hardscape, as well as a large canopy that occupied more area. Similar to the approach for the Outdoor
Sales, the lighting was allowed to "bleed™ between applications, which allowed the LPAs to be
examined in a more appropriate context as they will actually be used. Again, the analysis was based
on typical equipment and lamp/ballast options, and was conservative when approaching light loss
factors. The LPDs required to meet the illuminance criteria for the various site configurations in each
of the lighting zones were then determined.

Figure 15 is a diagram for a small service station used in the calculations.

Figure 15: Geometry of Small Site for a Service Station with Canopy

One aspect of this analysis that has a seemingly significant difference is the Sales Canopy allowance.
The Title 24-2008 and ASHRAE 90.1-2010 limits are detailed in Figure 16 below.
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Vehicle Service Station Canopies
Lighting Lighting | Lighting Lighting
Allowance Type Zone 1 Zone 2 Zone 3 Zone 4
Title 24-2008 0.514 W/ft? | 1.005 W/ft?| 1.358 W/ft | 2.285 W/ft?
ASHRAE90.1-2007 | 0.6 W/ft?> | 0.6 W/ft> | 0.8W/ft? | 1.0 W/t
Who's Lower? T24 90.1 90.1 90.1

Figure 16: Title 24-2008 and ASHRAE 90.1-2010 Limits for Sales Canopy Allowance

The ASHRAE 90.1-2010 limits appear to be lower than the Title 24-2008 limits prima fascia. When
these values were developed in the previous code revision cycle, they were fairly aggressive, so there
was concern within the CASE team that the 90.1values may not provide enough allowance to meet
the design recommendations of RP-2, the Retail Lighting Recommended Practice.

Further analysis indicates that there are a few specific calculation idiosyncrasies in the ASHRAE
90.1-2010 document that make a direct comparison of the values between that two codes impossible.
However, with detailed analysis, the results indicate that under no circumstances do the Title 24
values exceed the 90.1 values, and in particular, the Title 24 values are considerably lower than the
90.1 values when the canopy begins to get small. As a result, no changes to the Title 24 allowances
for Service Station Canopies are recommended based on this comparison, but the new Handbook
recommended values for illuminance do result in a change in LPA proposal. Figure 17 graphs some
reasonable service station canopy sizes and shows that for the same sized canopy, the Title 24
allowance is more aggressive.
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Figure 17: Comparison of Title 24-2008 and ASHRAE 90.1-2010 Allowances
for Service Station Canopies
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3.3.5 Collective Comparison of Title 24 and ASHRAE 90.1 LPA Values

To better understand and quantify the complete LPA allowance picture, two additional examples were

created; a Big Box Retail site and a Café site. Based on the same physical geometries, the overall

tradable and non-tradable allowances under Title 24 and ASHRAE 90.1-2010 were compared.
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